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Abstract 

We discuss some features of the regular supergravity solution for fractional branes on a de- 
formed conifold, recently found by Klebanov-Strassler, mostly adapting it to a type non- 
supersymmetric context. The non-supersymmetric gauge theory is SU{M) x SU(M) with two 
bi- fundamental Weyl fermions. The tachyon is now stabilized by the RR antisymmetric tensor 
flux. We briefly discuss the most general non-supersymmetric theory on electric, magnetic and 
fractional type D3-branes on a conifold. This includes the pure SU(N) theory. 
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1 Introduction 



Supergravity solutions dual to non-conformal gauge theories have been extensively dis- 
cussed in the past years. They have been obtained as type solutions [p], [|, ||, £|, 
as deformations of conformal backgrounds || ||, [7], || or using fractional branes 
[PH , |TT| ) [12| , 0, These backgrounds are dual to strongly coupled gauge theories. 
The IR dynamics of such theories can be different from the familiar one of their weakly 
coupled cousins, but they are nevertheless expected to exhibit familiar phenomena as 
confinement, chiral symmetry breaking etc. Unfortunately, the IR region of the super- 
gravity background, which should describe these phenomena, is generically plagued with 
naked singularities. 

There are known examples of stringy resolution mechanisms. The enhancon mecha- 
nism [ 15 1 might serve for curing a generic class of repulson singularities, while the expan- 



sion of dielectric branes into five-branes [16| is adapt for describing some deformations of 
conformal theories. An interesting solution that does not involve extra brane-like sources 
and it is completely regular has been proposed in [12] . It represents the dual of an N = 1 
gauge theory, realized by wrapping D5-branes on a 2-cycle of a conifold. Regularity is 
achieved by deforming the conifold without introducing physical D3-brane sources. 

It is the purpose of this note to study the Klebanov-Strassler (KS) solution |12| in a 
non-supersymmetric context. The natural candidates are type solutions. The simplest 
examples are orbifolds of the KS solution. Since type OB is an orbifold of type IIB, every 
type IIB brane solution leads to a type OB solution for orbifolded branes in the regular 
representation. The AdS 5 x S 5 dyonic solution of is an example of this correspondence 
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The tachyon instability of type needs to be cured. Fortunately, for this class of 
regular solutions the type tachyon is stabilized by the RR antisymmetric tensor flux. As 
in P], E3], the stabilization mechanism is effective only for large or intermediate curvature. 
In this regime, we expect to recover the string dual of weakly coupled gauge theories. We 
can speculate that at large t'Hooft coupling a large N phase transition has occurred 
making the theory unstable. The supergravity solution nevertheless is a good starting 
point for the formulation of the string model problem and for a qualitative analysis of 
the dynamics. 

We will also discuss more general solutions with running tachyon and dilaton, corre- 
sponding to the non-regular representation. These are the analogous of the purely electric 
type solutions discussed in |L]. Most of the gauge theories discussed in this paper have 
no massless scalar fields, thus avoiding some complications in pj. We start an analysis of 
the type dual of the pure SU (M) gauge theory. We mostly focus on the IR behavior. 
Under the assumption that the tachyon relaxes to zero and its instability is cured by the 
RR flux, we find that the KS solution can be easily adapted to the IR description of the 
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pure glue theory. We work at large N. We may expect corrections to the gauge theory 
behavior already at the first order in 1/N |T3 . 



2 The KS solution 



Let us start with a brief review of the type IIB solution. There is a class of exact type IIB 



solutions |1| p0| , that do not necessarily request supersymmetry. Consider the general 
class of black D3-brane solutions 



ds 2 
F 5 



Z- 1,2 dx^dx» 
da,4 + *da,4, 



Z^dsl 

a 4 = -y^dx A dx 1 A dx 2 A dx 3 



(1) 



where K is a Calabi-Yau manifold with a closed self-dual 3-form U3, *k^3 = i^3- If the 
3-form G = + ig s F^ is proportional to u 3 , its equation of motion is automatically 
satisfied and we obtain a class of exact solutions by imposing 



- U K Z = Pm {x) + G mnp G (K ^ mnp 



(2) 



Notice that the Laplacian and the 



where p(x) is a general density of D3-branes fl9| 
metric in G 2 are those of K. 

Regular and fractional branes on a conifold nicely fit into eq. (|IJ), as noted in [TU, 
Let us briefly discuss some details of the solution [^3|, |l|, |12|| . N D3-branes on a conifold 
give rise to a conformal theory with SU(N) x SU(N) gauge group, whose supergravity 
dual is AdS 5 x T 1 ' 1 [p2]| . Since a D5-brane wrapped on a 2-cycle of T 1 ' 1 (fractional 
brane) carries D3-charge, we have a system with two types of D3-branes. The gauge 
theory corresponding to N physical and M fractional D3-branes is SU(N) x SU(N + M) 
[0, |23|, pLOfl . In the AdS§ x T 1 ' 1 background, we turn on M units of RR-flux on T 1 ' 1 . The 
solution was originally found by enforcing supersymmetric-inspired first order equations 
of motion QTJ] . Remarkably, this solution satisfies all the requests for the class of exact 
solutions (0) Supersymmetry or imposition of the black D3-brane ansatz (H) are 

extremely useful for solving the equations of motion of type IIB supergravity, but they do 
not guarantee by themselves regularity of the resulting solution. The SU(N) x SU(N+M) 
theory flows to the IR region by forgetting shells of regular branes via an enhancon 

In the far IR, the dynamics is that of SU(M) SYM without 



mechanism 15, 11, 12 



regular branes and the background is made regular by the hypothesis that the conifold 



is replaced by a deformed conifold p2| . The explicit solution can be found in ]12| and 
the asymptotic IR behavior is reviewed in Section 4. We just quote the behavior of the 
conifold metric and the Z function in the IR (small r). 



ds 2 



K 



dr 2 r 2 

1 dttZ + dttl 

2 4 



3 



Z ~ (g s M) 2 + 0(r 2 ) 



(3) 



In the deformed conifold at small r the 2-cycle is collapsed but it remains a finite three- 
sphere of radius squared 0(g s M), supporting the RR flux. The complex field G( 3 ) = 
if(3) + ig s F(s) is self-dual *kG^ = iG@), and the R-R and NS-NS three- forms satisfy 

glF^ = Hly (4) 

g s M plays the role of the gauge theory t'Hooft parameter and it has to be large for the 
supergravity approximation to be trusted. 

Notice also that another regular supersymmetric solution for N — 1 SYM appears in 



HJ . The crucial ingredients, a vanishing 2-cycle and a finite-size 3-cycle supporting the 
RR flux, are the same. 

The class of exact solutions (TO) does not require supersymmetry. We want to study 
the solutions ([!]) in the context of type OB. 



3 Type branes on a conifold 

Let us start with a general discussion of the theory of 3-branes on a conifold with general 
charges. 

It is useful to think about type OB as an orbifold of type IIB by the spacetime 
fermion number. The untwisted sector of the orbifold contains all the bosonic fields of 
type IIB, which we denote as g^J, B^J, (p UT , F^J, while the twisted sector contains a 
NS-NS tachyon T and a new set of R-R fields F£y The tachyon and R-R part of type 
OB Lagrangian is better formulated in terms of the combinations Fj£\ = (FHJ ± FZ)) Q 

[0 




The Lagrangian is written in string frame and is expanded to quadratic order in T. Fr$\ 
has now both self-dual or antiself-dual components and appears in the Lagrangian as the 
electric variable. Bianchi identities now read 

dF {5) = H {3) A F+ , d * F (5) = {3) A F ( 3 } (6) 

Since all the R-R fields are doubled, also D-brane are. On a conifold, we now have 
a total of 4 different 3-brane charges, electric and magnetic D3 charges |IJ and wrapped 
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Figure 1: The generic gauge theory for type branes on a conifold. The nodes are 
SU(Ni) gauge groups. The links represent bi-fundamental matter fields. Solid lines are 
complex bosons and dashed lines Weyl fermions. Arrows distinguish between (iVj, iVj) 
and (Nj, Ni) representations. 



D5 + and D5~ charges^. 

The generic theory containing all the four types of 3-brane charges can be determined 
as in |], p6| . It is Yu=i SU(Ni) with the matter content indicated in the quiver 
diagram of Figure 1. There is in addition a complicated non-renormalizable potential for 
the matter field obtained from the projection of the superpotential in [221 . 

Incidentally, we notice that, as in type II [p7| , the brane configuration has a type 
OA T-dual description consisting of D4 ± and NS branes. The NS world-volume is, say, 
along (0,1,2,3,4,5) and (0,1,2,3,8,9) and the NS branes are at the position 0,x^ in 
the compact direction x§. There are Nx, N 2 D4 1 * 1 branes stretching in xq between the NS 
branes along (0, xf^) and iV 3 , N 4 D4 ± branes along (x^, 2irR 6 ). Standard rules for brane 
configurations, adapted to type f], reproduce the gauge theory and matter content in 
Figure 1. 

We are also interested in studying the deformed conifold. Let us introduce an ansatz 



for the type solution along the lines of ref. |12[. The metric ansatz describes both a 
conifold and a deformed conifold. The antisymmetric tensor ansatz is the most general 
one compatible with the Z 2 conifold symmetry and the expected RR fluxfj. The 10 



1 It is possible that a generic function g(T) = 1 + aT 2 + ... multiplies the NS-NS antisymmetric field 
kinetic term. It has been explicitely checked J|4| that a = 0. Higher terms in T do not affect our 
conclusion and, therefore, we set g(T) = in the following. 

2 An electric or magnetic D3-brane in type can be considered as a fractional brane of the (— 1) F 
orbifold. To avoid confusion, we reserve the name fractional for the wrapped D5-branes. 

3 Some example of similar type brane configurations can be found in p8fl . 

4 The RR flux is supported by the conifold 3-cycle in the UV and by the S^hat replaces the singularity 
in the deformed conifold in the IR. 



dimensional solution is 



ds 2 = e- 5q (dr 2 + e 2A{r) dx^) + ds 



ds 2 5/ 

F (3) 
F (5) 



e 3 ? -8/^2 + e 3 q +2f +y{g 2 + g 2 } \„ r 2J y{g 2 + gl) 

g(r)giAg 2 + k(r)g 3 Ag A 

M±g 5 Ag 3 Ag 4 + d[F(r)( gi A g 3 + g 2 A g A )\ 

K+{r)g t Ag 2 Ag 3 Ag 4 Ag 5 + *{K^(r)g l A g 2 A g 3 A g 4 A g 5 ) 



(7) 



where K± = N± + (k — g)F± + 2M±g. Explicit expressions for the forms can be found in 



12]. Notice that, while the Bianchi identities for the 5-form are automatically satisfied, 



no self-duality condition is imposed on the 3-forms. The requirement of self-duality in the 
class of solutions (|IJ) amounts to a precise relation between Z and the unknown functions 



in the 3- form ansatz. In |L2| , this relation is imposed by requesting first order equations. 



From the point of view of fL9 |, it is not so strictly related to supersymmetry but it is a 
part of the exact solution ([!]). The field y allows for deformations of the conifold. N± 
are the number of electric and magnetic physical D3 branes and M± are the number of 
fractional branes. With these notations the gauge group is SU (N+) x SU (AL) x SU (N + + 
M+) x SU{N- + M_). 

Using the results in [JJ, [XT], |29[, it is easy to write a five-dimensional effective action 
for the relevant fields, 



L = J dre iA (3(dA) 2 - ^G^d^ - V{<j>) 



G 



15(<9g) 2 + 10(<9/) 2 + 



(dT) 2 , (dy) 2 , (90) 



+ 



+ 



V{<j>) 



2 2 j_ 2 

e -W _ 6e -Vcoshy + -e 8 'sinh/) - —e^ 2 ^ 



+ E 

± 



V3 e 4/-14 g+ /±(T)(e -2, j p| + e 2y {2M± _ F±) 2 } + ^l e -20 gf±{T)K 

8 4 



+ 



9^ 



,4f-14q 



(8) 



where f± = 1 ± T + T 2 /2 + .... Einstein equations also impose the constraint 3(dA) 2 — 
^G a bd(f) a (f) b + V(<f>) = 0. The undeformed conifold is obtained for y — 0, k — g, F( ± ) = 0. 

We analyze the potential in various steps. First, set M± = 0, AL = N + = N and 
T = and identify all ± fields: A_ = A+. The potential is now indistinguishable from 
the potential for N type IIB D3-branes at a conifold. By rescaling fields, we can set 
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iV = — 2/3\/3. Consider first the type IIB potential. For q = f = y = g = k = F = 
we have an iV = 1 critical point corresponding to AdS$ x T 1,1 . From eq. (|8]), we 
can extract the mass of the fields and the dimensions of the corresponding operators: 
A q = 8, Af = 6, A y = 3, Ak- 9t F = 3, 7. k + g does not appear in the potential. It is the 
massless field J S 2 B( 2 ) associated with a marginal direction in the CFT p2[ [jlj . The 
corresponding operator is js(F(i) — ^(l))- Using the results in f3l| , we can tentatively 
identify these fields with operators in the multiplets: 

qj -> Tr(W 2 W 2 ) 

(k - g, F) A =7 -> Tr(A4 + 5£)W 2 

(fc-^,F) A=3 ^Tr(Vy ( 2 1) + iy { 2 2) ) 

y - Tr(Wf 1} - Wf 2) ) (9) 

The terms proportional to M± come from the introduction of wrapped D5-branes. If 
we still set A_ = A + and T = we find the potential for the N — 1 configuration of 



regular and fractional type IIB branes [11|. Finally, the type reduction is accomplished 



by turning on the tachyon field T and by doubling all the fields associated with RR forms. 



4 A conformal solution 

We can consider configurations of D3 and wrapped D5-branes in type OB as projections 
of similar configurations in type IIB. The simplest configuration is obtained by using the 
regular representation in the orbifold projection |j3*2"| . Every type IIB brane is doubled. 
The AdS 5 x S 5 dyonic solution of is an example of this procedure p7[ . The type OB 



solution is obtained by identifying the untwisted fields with their parents in type IIB and 
setting to zero all the twisted fields. 

We expect a non-supersymmetric conformal solution as a projection of the N = 1 
AdS 5 x T 1 ' 1 background. This solution is also discussed in |25|, |26|| . It does not contain 



fractional branes. Every IIB D3-brane is now doubled into an electric and magnetic type 
D3-brane. The resulting gauge theory is SU(N) 4 with the matter content indicated in 



figure 1 |25|, |26| and a non-renormalizable potential. We expect the theory to flow in the 
IR to an interacting fixed point as in [^] . 

It is easy to verify that for M± = and N_ = N + = N, q = f = T = <ft = F± = g = 
k = is an iV = critical point of the potential (|S|) corresponding to a 10 dimensional 
solution AdS 5 x T 1,1 . 

There are a total of four independent coupling constants in the gauge theory. We can 
identify the real part of three of these couplings with the dilaton, the value of B( 2 ) on 
the 2-cycle and the tachyon. The constant value of the dilaton and B( 2 ) do not appear 
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explicitly in the 10 dimensional equations of motion. There are therefore two exactly 
marginal direction in the CFT as in p2[ , at least in the large N limit. The existence of 



such marginal directions in a non-supersymmetric theory is easily explained. In the large 
N limit, the correlation functions for untwisted fields are identical to those in the parent 
type IIB theory |33|. However, we do not expect that the coupling constant associated 
with the tachyon, which is a twisted field, is a marginal parameter. The dimension of the 
corresponding operator is computed below. It would be interesting to identify the fourth 
coupling within the supergravity modes. 

The spectrum of operator dimensions can be easily extracted from eq. (§). The fields 
considered before eq. (^) are still in the spectrum with the same mass as in type IIB. 
The type operators are obtained by replacing fermions/scalars with bi-fundamental 
fermions/scalars and considering particular combinations of the traces in the four gauge 
groups. We have two more fields from the type twisted sector, the tachyon T and a 
combination t of (F(±), k,g). The corresponding operators have mass-squared 

T -> m 2 = 16 - 

t -> m 2 = 9, A = 2 + Vl3 (10) 

where x is the t'Hooft coupling of the overall coupling constant (]. As in the tachyon 
is unstable at large x. It is tempting to speculate as in || that the theory is perfectly 
unitary at small x (as the extrapolation of formula ([It]) indicates) and undergoes a phase 
transition at larger x, as typical of many gauge theories in the large N limit. 



5 A non-conformal "self-dual" solution 

The next example is obtained by introducing DS 1 * 1 branes but still enforcing an orbifold 
projection with the regular representation. The N = 1 solution for a SU(N+M) x SU(N) 
gauge theory [|ll|, [L2| has been briefly reviewed in the Introduction. It descends to a non- 
supersymmetric type solution by putting T = and A_ = A + for all the relevant fields 
and parameters. The gauge theory is SU(N) 2 x SU(N + M) 2 . We have N self-dual 
D3-branes, M wrapped D5 + and M wrapped D5~. The supersymmetric solution flows 



in the IR to the pure N — 1 SYM with a cascade mechanism |12[]. The corresponding 
IR solution contains no D3-branes and is defined on a deformed conifold ||12|| . We expect 
that the cascade mechanism has a non-supersymmetric analogous. The gauge theory 
dynamics is obviously much more difficult to analyze due to the lack of supersymmetry. 
However, we may expect that, in the large N limit, many supersymmetric results based 



on duality should continue to hold |33|, gj] . Notice that there are no reasons for imposing 



'Notice that we rescaled a factor of N, so that x 
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first order equations in a non supersymmetric context. The cascade solution is just one 
particular solution of type out of infinitely many. The fact that it is completely regular 
indicates that it actually corresponds to a possible quantum field theory RG flow. 

The IR gauge theory is an SU(M) x SU(M) gauge theory with 2 bi-fundamental 
Weyl fermions. The IR dynamics of this theory is described by the type restriction of 



the deformed conifold solution. For completeness, we quote from |12| the IR behavior of 
the solution (small r). 



ds K 



dtt 2 2 



dtt 2 3 



dr 2 r 2 
- + 4 
Z ~ (g s M) 2 + 0(r 2 ) 

g ~ r 3 , k ~ r, F ~ r 2 



The complete solution can be found in []12| . It is also derived in [29|] using the 5 di- 
mensional formalism of eq. (|8|). The radial coordinate r is related to the coordinate 
r of the five- dimensional effective theory by dr = —e 4 ^~ 4q dr. Notice that in the five- 
dimensional approach, the metric fields q, f, y, A are singular, behaving as ~ log(r). The 
five-dimensional metric has therefore a naked singularity ds 2 ~ dr 2 + r^^dx^dx^ . This 
is just an artifact of the dimensional reduction, the ten-dimensional solution being com- 
pletely regular for all r. 

The solution exhibits confinement and spontaneous chiral symmetry breaking Jl2| . 
Incidentally, we notice that the deformation of the conifold is requested for studying 
vacua with non-zero fermionic condensate. We discuss the type IIB solution, all consid- 
erations being applicable to type too. We use standard techniques [|, ||, |35| , with a 
proviso. Since the gauge theory is not a deformation of a CFT, the supergravity solu- 
tion is not asymptotic to a purely AdS vacuum. We can however consider a regime, for 
example M << N, where modifications of the AdS solution are small. The space has 
still a boundary and we can reasonably use the machinery of AdS/CFT for identifying 
operators. Adapting the results in |29j , we can write a superpotential f| for the type IIB 
supersymmetric theory 



W 



= -3e 4/ " 49 cosh y - 2e~ 6/ - 4 ' 2 - Sv^e" 109 (N + F{k - g) + 2Mg) (12) 

The tadpole term 2Mg, which is the same for a conifold or a deformed conifold, is due to 
the fractional branes. This term is responsible for the change of gauge group SU(N) — > 
SU(N + M). The running of fields due to the remaining terms in the superpotential 
can be interpreted as a deformation or a change of vacuum in the gauge theory |3(| |30| • 
Substitution of the conifold with the deformed conifold introduces the fields y, F, (k — g). 
According to eq. (|9]) , these fields correspond to the gaugino condensates of the two gauge 
groups. We can decide whether the running of these fields corresponds to a deformation 
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or a choice of a different vacuum by looking at the asymptotic behavior [[36], |30], |35 



The expansion of W near the origin determines the asymptotic behavior using 2G ab Xb = 
dW/d\ a . For canonically normalized fields Ac, W = — 3 + a\ 2 c + ... implies Ac ~ e~ ar . 
a = A corresponds to a vacuum of the theory, a = 4 — A to a deformation. In our case, 
for canonically normalized fields, 

W ~ -3 + Aq 2 c - 6/c - 3y 2 c - QF c (k - g) c + ... (13) 

We can easily see that the fields associated with the gaugino condensates, yc, and a 
combination of Fq, {k — g)c behave as e~ Ar = e _3r . The corresponding operators have 
non-zero vacuum expectation value. Therefore, one motivation for introducing the de- 
formation of the conifold is to study vacua with non-zero gaugino condensate, as it is 
the case for N = 1 SYM. Similar results apply to the fermionic condensates of type 
solutions. 

There is still a fundamental question. The tachyon vacuum expectation value is zero. 
Is the background stable? In type models, the stabilization of the tachyon is due to the 
D3-brane charge, which is absent here. Nevertheless, we have an antisymmetric tensor 
background that may serve the purpose. Let us qualitatively investigate the effective mass 
for the tachyon field. In our background, since F T = 0, we have Fjt> = FZ-, = H^/g s 
and the effective potential for the tachyon follows from eq. (§) 

L = _ 2e -^T 2 + (1 + ^)|F+| 2 (14) 

From this equation we see that, as anticipated, T has no tadpoles and can be consistently 
set to zero. Moreover, its effective mass is f\ 

2 2 M 2 

m T + 15 

9 S 2{9sMy 

where we used the fact that the S 3 has radius-square {g s M) . We see that the stabilization 
condition is —2 + -t^-ti > 0. 

2g s M — 

If g s M is sufficiently small, the background is stable. Notice that this is the limit 
where supergravity is no longer valid. The same happens in the known type solutions 
[fTl H. The tachyon instability may correspond to some pathological behavior for the 
strongly coupled gauge theory. The description of the weakly coupled SU(M) 2 theory 
with bi-fundamental fermions requires small g s M Q The supergravity approximation is 
then invalidated and a string sigma-model analysis is requested. Extrapolating from eq. 



(|j~5D, we may conclude that the associated string background is stable. We can image 



6 Notice that the NS-NS two- form does not contribute to the tachyon mass |24|| . 

7 The focus into the IR by decoupling the UV region and the infinite cascade needs small g s M fH 
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a situation [0 where the stabilization mechanism, made more precise, just requires an 
intermediate (of order 100) value for the t'Hooft parameter and corrections can be still 
estimated to be small. Alternatively, we should request the knowledge of the string 
sigma-model. The absence of Fr$\ background may simplify the problem. 



6 The pure glue theory 

We now turn to the system with only one type of fractional brane, say D5 + . This is the 
most interesting theory, since it is pure glue SU(M). 

A solution for D5 + branes corresponds to the non-regular representation in the orb- 
ifold reduction of the type IIB solution. An analogous configuration in type 0, consisting 
of purely electric D3 branes with gauge group SU(N) and 6 massless bosons, was con- 
sidered in [[[[] . By avoiding the existence of massless bosons, we also avoid all the related 
complications and fine tuning problems [1], 0]. The IR behavior of the equations of mo- 
tion for electric D3-branes was considered in III B7| and, as expected, is generically 
singular. Such asymptotic behavior contains very few information about what kind of 
solution is really selected by physics and how the singularity is resolved by dynamics. 

Here we propose a possible regular background describing the IR dynamics of the 
pure glue theory. Once again, we look for regular solutions on a deformed conifold. Since 
F/g-j = 0, we see from eq. (||) that the tachyon has now a tadpole and has to run. It may 
induce a running of the dilaton. 

We assume that the tachyon relaxes to zero in the IR. Most likely, this is a fine-tuning. 
We also make the assumption that the dilaton goes to a constant value. All the other 
fields retain the same value as in the type II deformed conifold solution |T^], modulo a 



trivial rescaling of the R-R fields. We can now easily prove that all these assumptions are 
compatible with the equations of motion. Consider the dilaton and tachyon equations of 
motion in Einstein frame, 



□0 ~ ^/ + (r)|F (3) | 2 -e^|i/ ( 3)| 2 + ye^ 2 

□T ~ i e ^;(T)|F (3) r + /;(T)|F (5) | 2 + Te^ 2 (16) 

For T — > the last term in the dilaton equation is negligible. Since /+(0) = 1, the 
equation reduces to the type IIB dilaton equation after a rescaling of the R-R fields. The 
dilaton may remain constant. After neglecting subleading terms, there is a constant term 
f + (T)\Frg\\ 2 ~ l/(g 2 s M) in the right hand side of the equation of T. For the solution 
(PD, OT ~ ;^2<9 T (r 2 <9 r T). The tachyon equation is then satisfied for T ~ t 2 . We can 
similarly check that Einstein equations are still satisfied. 
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Alternatively, we can use the five-dimensional effective theory (^j). For T = 0, a 
simple rescaling (N, M, F) — > y/2(N, M, F) maps the type potential to the type IIB 
one. The change of variables r — ► r is useful. It is then possible to systematically expand 
the potential and the solution in power of r 2 . 

We expect that the gauge theory coupling constant blows up in the far IR. We can 
qualitatively identify the behavior of the coupling constant by looking at the world- 
volume of a D5 + probe wrapped on the 2-cycle. The effective coupling constant is 



— = e^(T)V^/l + \B\f 2) (17) 



where k(T) testifies the coupling of the worldvolume theory to the tachyon field |T], |38 



and the metric and B-field are evaluated on the 2-cycle. Exactly as in [121 , the effective 
coupling constant fllTD will diverge due to the metric and B-field on the 2-cycle, 1/g 2 ~ t 2 



We can systematically expand the solution near the IR in power series of r 2 . We 
expect that, being regular, such solution describes a consistent RG flow. We may conjec- 
ture that the previous asymptotic solution correctly describes the IR behavior of the pure 
SU(M) theory. However, the full solution describing the theory at all scales is certainly 
difficult to find. Since the solution involves a fine-tuning T — > 0, it is not clear if it can 
really describe the pure SU(M) theory decoupled from its UV completion. We could 
speculate that T = is an IR attractor for all solutions. We envisage different possi- 
bilities for the UV theory. The IR solution can be connected via a cascade mechanism 
to the SU(N + M) x SU(N) theory with bi-fundamental scalar fields, obtained with N 
D3 + and M D5 + branes. Alternatively, we could find a pure SU(M) theory exhibiting 
asymptotic freedom in the UV, as in A third option is a UV completion along the 
lines of [I3|. In all cases we face the problem of extrapolating our Lagrangian (|5|) to a 



region where T is not small. The exact form of f+{T) and of the potential V(T) for T 
could become crucial for correctly capturing the UV behavior. Moreover the dilaton will 
start to run. It would be quite interesting to see if the class of exact solutions (|l|) has a 
type extension to the case of non-constant dilaton and arbitrary f + (T), V(T). 



8 Notice that in the D3-branes type solutions jLj the dilaton necessarily runs. Here, we are saved 
by the 2-cycle. Notice also some analogies. An interesting solution in Jlj] flows to an IR fixed point at 
strong coupling. Such a particular flow exists also for the more general theories SU(Q) x SU(N) of N 
electric and Q magnetic D3-branes [^]. In this (fine-tuned) solution, the tachyon goes to zero while 
the dilaton blows up in a very precise combination, with most of the fields retaining the same value as 
in type II. In the conifold case, since the dilaton affects differently the terms and we have no 
solution like that. 
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7 Conclusions 



We have seen that the deformed conifold solution can be easily adapted to describe 
non-supersymmetric solutions. The use of a Calabi-Yau manifold may suggest super- 
symmetry, but the mechanism in [|12] seems more general. The necessary ingredients are 



RR fluxes supported by finite-size cycles. From eq. (|]), we see that, in the absence of 
D3 sources and with mild assumption on K, the warp factor Z is regular. 

These ingredients may define a larger class of solutions. We may expect to study 
interesting non-supersymmetric theories by using generic manifolds. Type is extremely 
useful for constructing non-supersymmetric gauge theories with branes. However, in type 
0, we are more restrained by the absence of a sensible Lagrangian for generic T. It would 
be interesting to extend the class of solutions ([[]) to type 0. We noticed that, under 
the assumption that T relaxes to zero, the solutions (HD still provide an IR asymptotic 
description of the physics. 

Moreover, in type solutions, the stabilization of the tachyon requires small t'Hooft 
coupling. Ultimately, this could be not so dangerous, at least for our most ambitious 
goals. The discovery of completely regular supergravity theories can be useful for study- 
ing the dynamics of strongly coupled gauge theories. We can typically describe with 
supergravity only gauge theories with finite cut-off and coupled to extra-modes. Even- 
tually, we will be interested in duals of weakly coupled theories. As usual, we were 
prepared to the unpleasant situation that, in the seek of a description of strong dynamics 
for weakly coupled gauge theories, we need to cross a region where the effective t'Hooft 
parameter is small. This invalidates the supergravity approximation and requires a string 
sigma-model analysis. 
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